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CLAIMS 
[Claim(s)] 

[Claim 1 ] The insulating material for circuit wiring characterized by including the compound which 
gave chemical modification in an insulating resin matrix, fullerene, or a carbon nanotube. 
[Claim 2] The insulating material for circuit wiring according to claim 1 whose distance between the 
aforementioned fullerene or the carbon-carbon of a carbon nanotube is more than 4A (0.4nm). 
[Claim 3] The insulating material for circuit wiring according to claim 1 or 2 by which the 
aforementioned chemical modification is made by the silicone system functional group, the 
substituent containing oxygen, the substituent with a unsaturated bond, or the fluorine atom. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention mounts electron devices, such as a 
semiconductor device, with high density, and relates to electronic parts, such as layer insulation 
material of the low dielectric constant multilayer circuit wiring suitable for high-speed propagation 
of a signal, and a large-scale integrated circuit (LSI) containing such a multilayer circuit wiring 
substrate. 

[0002] Improvement in the speed of the semiconductor device used by various computers until it 
results [ from a personal computer ] in a high performance computer is remarkable, and the transit 
delay in the substrate wiring section influences the operation speed of a computer increasingly 
relatively. Consequently, the resin thin film wiring suitable for the high-density and detailed 
multilayer interconnection which uses a resin thin film as a layer insulation film has come to be 
applied to the circuit board for central processing units (CPU) of a computer. In order to realize a 
future more nearly high-speed computer, development of the low dielectric constant insulating 
material which was suitable for high-speed propagation of a signal taking advantage of the high- 
density and detailed multilayer interconnection is indispensable. 
[0003] 

[Description of the Prior Art] Conventionally, resins, such as epoxy and a polyimide, are used for the 
high-density-assembly substrate material currently used for the high-speed computer. Furthermore, 
recently, the material of an olefin system or a fluorine system attracts attention as a resin which has a 
low dielectric constant more. 

[0004] Specific-inductive-capacity epsilons of material According to the formula of Clausius- 
MOSOTTEI, it is expressed as follows. 
[0005] 
[Equation 1] 
5.-1 Na 



e s + 2 3 e o 

[0006] However, alpha of this formula is the polarizability of a material molecule, and N is the 
molecularity per unit volume, and epsilon 0. It is the dielectric constant of vacuum. 
[0007] an upper formula — epsilons ******** ~ if it solves and a partial differential is carried out by 
alpha or N, so that it may understand and the molecularity N in a unit volume is so small that 
polarizability alpha is small — specific-inductive-capacity epsilons It becomes small. This relation is 
Nalpha and specific-inductive-capacity epsilons which were shown in drawing 1 . It is clear from the 
graph which shows an example of a relation. Hereafter, the thing of specific inductive capacity will 
only be called a "dielectric constant." 

[0008] Using the resin of an olefin system or a fluorine system as mentioned above has an effect in 
stopping the polarizability alpha of material low. However, it is known that these dielectric constants 
will not be less than 2. moreover, such resin material — a self welding property and a conductor — 
adhesion with a metal, and the beer between layers — a hole — many things which should be solved 
are left behind in the present condition, such as processability 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/28/2003 



[0009] There is also the method of on the other hand lowering a dielectric constant by making 
molecularity N per unit volume small. For example, although the material made to foam as what has 
the few molecularity per unit volume exists, it is clear that these are not suitable as an insulator of the 
thickness of several micrometers or dozens of micrometer order of detailed wiring. 
[0010] Moreover, although mixing and composite-izing a glass fiber and a carbon fiber into resin 
material for the purpose of lightweight [ of an insulator layer ] and the formation of a low-fever 
expansion coefficient is also considered, a glass fiber has the fault of pulling up a dielectric constant, 
and a carbon fiber has the fault of reducing isolation voltage. 

[001 1] Furthermore, although how to mix the fullerene which has structure with space in a molecule 
into resin material was also considered in order to reduce the dielectric constant of material by taking 
in the space in molecule level, fullerene had a title, while calling it the phase separation plain-gauze 
cone, even if it dissolved only the minute amount in the limited solvent, therefore mixed to the resin. 
[0012] 

[Problem(s) to be Solved by the Invention] The dielectric constant of the olefin system which attracts 
attention from the future as a layer insulation film material of a body dielectric constant, or fluorine 
system resin material is about 2.1 to 2.8 range, the property that it can respond to actual manufacture 
or a mounting process although some material which is further less than the dielectric constant of 
such material is proposed until now ~ having — moreover, a self welding property and a conductor — 
adhesion with a metal, and the beer between layers — a hole — it has a still great hope to a practical 
low dielectric constant layer insulation material which has a property indispensable as insulating 
materials, such as processability 

[0013] this invention aims at offering a new material useful as an insulating material of a low 
dielectric constant for circuit wiring of a detailed pattern in response to it. Moreover, it is also the 
purpose of this invention to offer the electronic parts containing the insulator layer formed from such 
a new low dielectric constant insulating material. 
[0014] 

[Means for Solving the Problem] The insulating material for circuit wiring of this invention is 
characterized by including the compound which gave chemical modification in an insulating resin 
matrix, fullerene, or a carbon nanotube. 

[0015] Thus, when compatibility with the resin used as a basis of insulator layer material essentially 
gives chemical modification to the fullerene and the carbon nanotube which are not good, this 
invention is raising compatibility with a resin, and attains low dielectric constant-ization of the 
insulator layer which enlarged fullerene to the inside of a resin, and variance of a carbon nanotube, 
and formed them. 

[0016] Fullerene and the carbon nanotube are well known as matter of the structure which has space 
in the molecule which consisted of only carbon atoms. Fullerene is the compound of the globular 
molecule of hollow with the network structure formed in the front face from the carbon atom, and a 
carbon nanotube is the compound of a cylinder-like molecule in the air with the network structure 
similarly formed in the front face from the carbon atom. These may be compounded or may use a 
commercial thing. 

[0017] Fullerene etc. can give chemical modification by using for example, an organic lithium and a 
Grignard reagent (see Nagashima, Jinno, Ito, the Chemical Society of Japan, VoL2, and p91 (1997)). 
The dielectric constant of the formed insulator layer can be reduced by raising the compatibility of 
fullerene etc. and insulating resins, such as a polyimide, and enlarging space in a resin by this. Or 
chemical modification can also give reactivity with an insulating resin to fullerene etc. 
[0018] Chemical modification of fullerene or a carbon nanotube can be given by the substituent 
containing for example, a silicone system functional group or oxygen etc. the example of the 
substituent containing a silicone system functional group or oxygen -Si (CH3)3, -Si(CH3)2 OCH3, - 
Si (CH3) (OCH3)2, and -Si (CH3) (OCH2 (CH3))2 etc. - it is - compatibility of the carbon 
nanotube [ the fullerene or the carbon nanotube ] by which chemical modification was carried out by 
these with the basis resin of an insulating material improves A functional group with a unsaturated 
bond may be added and the reactivity of fullerene or a carbon nanotube may be made to increase. 
The examples of representation of a functional group with a unsaturated bond are an allyl group, an 
aryl group, -C**C-R (R is an alkyl group), etc. Moreover, hydrogen and fluorine are made to add to 



fullerene or a carbon nanotube molecule, and in order that making saturation combination a part of 
conjugated system of these molecules may also reduce the dielectric constant of an insulating 

m0191 InoX toform the space which contributes to decline in the dielectric constant of an 
uisulating material, a certain thing has a desirable distance between the carbon 1 carbon of the 
Section! of a molecule major axis, such as fullerene, more than at least 4A (0.4nm). as an example - 
- the distance between the carbon 1 carbon of the direction of a molecule major axis as the 
fullerene more than 4A (0.4nm) - C20, C24, C26, C28, C30, C32, C36, C50, C60, C70, C76, C78, 
C80 CI 80, C240, C320, and C540 etc. -- it thinks 

r00201 The insulating material of this invention can be mixed with the basis resin of an insulating 
material and can prepare FUREREN or the carbon nanotube which earned out chemical 
modification. If needed, even if it uses a solvent, it does not interfere. FUREREN or a carbon 
nanotube can be added until it is saturated in a basis resin or a basis resin solution, although it is 
dependent on the solubility to a basis resin or a basis resin solution. You should decrease additions, 
such as fullerene, when the thermal resistance of the insulator layer formed when this maximum 
addition was used etc. poses a problem. Anyway, according to the property required of foefctnd I and 
insulator layer of a basis resin, an experiment can determine easily the amount of the fullerene mixed 
in the insulating material of this invention, or a carbon nanotube. 
T002 1 1 Any of the resin of a low dielectric constant used for manufacture of a multilayer 
interconnection are sufficient as a basis resin. Since especially these are excellent also m thermal 
resistance in a basis resin being a polyimide or silicone resin, it is advantageous m respect of the 
reliability of the assembler of electronic parts degree, or a product. 

r00221 In order to form the layer insulation film of a multilayered circuit board from the insulating 
material of this invention, this is the technique which the field of a multilayered circuit board is 
sufficient as, and was known, and it is not necessary to explain it in detail here that what is necessary 
is to apply an insulating material to a substrate and just to stiffen a basis resin after dryness. 
r00231 The insulator layer formed from the insulating material of this invention possesses a low 
dielectric constant, low-fever expansion, and high insulation according to the effect of the carbon 
compound equipped with the space in molecule level distributed to the basis resin. For example it 
used this insulator layer as a layer insulation film, electronic parts, such as LSI, can be equipped with 
high-density and detailed multilayer-interconnection structure, and contribute to improvement in the 
operation speed of various computers greatly. 

[Example] Next, although the example of this invention is explained, needless to say, this invention 
is not limited to these examples. 

r00251 TExample 11 The addition reaction of 2 hours was performed at the temperature of 20 degrees 
C after the dissolution using Grignard reagent ClMgCH2 SiMe2 (Me of this (OCH2 formula 
expresses a methyl group) until it became supersaturation to the 70g tetrahydrofuran (THF) about 
C60 fullerene (Aldrich make). It is 6-methyl, as JP,8-259784,A shows this C60 fullerene that earned 
out chemical modification after an addition reaction, after removing THF of a solvent. - 1 , 4, 5 8- 
dimethano - The insulating material solution which was saturated with chemical modification C60 
fullerene in addition to the 10-% of the weight THF solution of the alicychc polyolefine which 
carried out ring opening polymerization of the 1, 2, 3, 4,a [ 4 ], 5, 8, and 8a-octahydronaphthalene, 
hydrogenated it, and obtained it by the well-known method was made 

r00261 Next the spin coat of this solution was carried out on the silicon substrate, and it was made to 
heat-harden on the conditions for 5 minutes by 220 degrees C after dryness. Furthermore, as after- 
cure heat curing of 5 hours was performed at 200 degrees C in the nitrogen-gas-atmosphere mind ot 
10 ppm or less of oxygen densities, and the insulator layer was formed. It was 2.2, when the vacuum 
evaporationo of the golden electrode (lmmxlmm) was carried out and the dielectric constant of this 
insulator layer was measured by 1MHz. 

T00271 TExample 2] The addition reaction of 2 hours was performed at the temperature ot 20 degrees 
C after the dissolution using Grignard reagent ClMgCH2 SiMe2 (Me of this (OCH2 (Me)) formula 
expresses a methyl group) until it became supersaturation to the 70g tetrahydrofuran (THF) about 
C60 fullerene (Aldrich make), t-butyl lithium performed the addition reaction (20 degrees C, 2 



hours) further, and hydrogen and t-butyl were made to add to C60 fullerene to this product. After the 
reaction end, after removing THF of a solvent, the insulating material solution which saturated with 
chemical modification C60 fullerene this C60 fullerene that carried out chemical modification in 
addition to the 10-% of the weight THF solution of the same alicyclic polyolefine as having used it 
in the example 1 was made. 

[0028] Next, this solution was applied on the silicon substrate and it was made to heat-harden on the 
conditions for 5 minutes by 220 degrees C after dryness. Furthermore, as after-cure, heat curing of 5 
hours was performed at 200 degrees C in the nitrogen-gas-atmosphere mind of 1 0 ppm or less of 
oxygen densities, and the insulator layer was formed. The dielectric constant was 2.0 when it 
measured as the example 1 explained the dielectric constant of this insulator layer. 
[0029] [Example of comparison] The C60 same fullerene as having used it in the examples 1 and 2 
was dissolved until it was saturated in the 10-% of the weight THF solution of the same alicyclic 
polyolefine as having used it in the examples 1 and 2 too. In this way, the prepared solution of an 
insulating material was applied on the substrate, and it dried, and was made to heat-harden on 220 
degrees C and the conditions for 5 minutes. Furthermore, as after-cure, 200 degrees C and heat 
curing of 5 hours were performed in the nitrogen-gas-atmosphere mind of 10 ppm or less of oxygen 
densities, and the insulator layer was formed. The dielectric constant of this insulator layer measured 
by the method explained in the example 1 was 2.8. 
[0030] 

[Effect of the Invention] Since the fullerene and the carbon nanotube which can form space on 
molecule level can be incorporated effectively in an insulating material according to this invention as 
explained above, it becomes possible to offer the insulator layer of a low dielectric constant 
applicable to a detailed pattern, and to offer the electronic parts containing the multilayered circuit 
board which was suitable for high-speed signal propagation including this insulator layer. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, resins, such as epoxy and a polyimide, are used for the 
high-density-assembly substrate material currently used for the high-speed computer. Furthermore, 
recently, the material of an olefin system or a fluorine system attracts attention as a resin which has a 
low dielectric constant more. 

[0004] Specific-inductive-capacity epsilons of material According to the formula of Clausius- 

MOSOTTEI, it is expressed as follows. 

[0005] 

[Equation 1] 
e . - i Na 



5 , + 2 3 e a 

[0006] However, alpha of this formula is the polarizability of a material molecule, and N is the 
molecularity per unit volume, and epsilon 0. It is the dielectric constant of vacuum. 
[0007] an upper formula — epsilons ******** — if it solves and a partial differential is carried out by 
alpha or N, so that it may understand and the molecularity N in a unit volume is so small that 
polarizability alpha is small — specific-inductive-capacity epsilons It becomes small. This relation is 
Nalpha and specific-inductive-capacity epsilons which were shown in drawing 1 . It is clear from the 
graph which shows an example of a relation. Hereafter, the thing of specific inductive capacity will 
only be called a "dielectric constant." 

[0008] Using the resin of an olefin system or a fluorine system as mentioned above has an effect in 
stopping the polarizability alpha of material low. However, it is known that these dielectric constants 
will not be less than 2. moreover, such resin material — a self welding property and a conductor — 
adhesion with a metal, and the beer between layers — a hole — many things which should be solved 
are left behind in the present condition, such as processability 

[0009] There is also the method of on the other hand lowering a dielectric constant by making 
molecularity N per unit volume small. For example, although the material made to foam as what has 
the few molecularity per unit volume exists, it is clear that these are not suitable as an insulator of the 
thickness of several micrometers or dozens of micrometer order of detailed wiring. 
[0010] Moreover, although mixing and composite-izing a glass fiber and a carbon fiber into resin 
material for the purpose of lightweight [ of an insulator layer ] and the formation of a low-fever 
expansion coefficient is also considered, a glass fiber has the fault of pulling up a dielectric constant, 
and a carbon fiber has the fault of reducing isolation voltage. 

[001 1] Furthermore, although how to mix the fullerene which has structure with space in a molecule 
into resin material was also considered in order to reduce the dielectric constant of material by taking 
in the space in molecule level, fullerene had a title, while calling it the phase separation plain-gauze 
cone, even if it dissolved only the minute amount in the limited solvent, therefore mixed to the resin. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The molecularity N in the unit volume of material and the product of polarizability 
alpha, and specific-inductive-capacity epsilons It is the graph which shows a relation. 
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DRAWINGS 
[Drawing 1] 
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(54) LOW DIELECTRIC CONSTANT INSULATING MATERIAL FOR WIRING CIRCUIT AND 
ELECTRONIC PARTS USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a low dielectric constant insulating material for wiring 
circuit of fine patterns by including an insulating resin base and compounds which us obtained 
from chemical modification of a fullerence or a carbon nano- tube. 

SOLUTION: This material comprises (A) an insulating resin base (polyirnide, silicone resin and 
the like) and (B) the compounds obtained by chemically modifying the fullerene (hollow 
spheroidal molecular compounds having carbon network structure on the surface) or the carbon 
nano-tube (hollow cylindrical molecular compounds having carbon network structure on the 
surface), with compounds including silicone based functional groups, or substituents including 
oxygen [-Si(CH3)3 or -Si(CH3)20CH3 or the like]. For forming space contributing to the 
reduction of the dielectric constant of the insulating material, the fullerenes or the like, 
preferably have angstrom or more of carbon-carbon distance of the molecular longitudinal axis 
of the fullerenes (C20 or C30 fullerene or the like). 
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